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Abstract 
Feedback may seek to improve a solution, known as formative feedback, or to measure 
the level of success of the solution, known as summative feedback. Formative feedback is 
an important aspect of solution generation. This article decomposes formative feedback 
in four components based on learning literature: likability of feedback, verification 
feedback, specific elaborated feedback, and general elaborated feedback. However, 
formative feedback may have different effect in the solver depending in his state of 
anxiety. In addition, the solver receives formative feedback from the community and 
summative feedback from DSS. A negative summative feedback from DSS induces anxiety 
to the solver. Feedback literature not distinguishes between formative or summative 
feedback, which could explain the contradictory findings. This research theorizes about 
how summative feedback modifies formative feedback based on ACT. This analysis was 
performed by using an OSS community, which produced 976,635 lines of code in 36,878 
solutions for 5,108 problems. The results suggest that summative feedback modifies how 
formative feedback affects the solver. Implications for the solution generation, We-
intentions, formative and summative feedback are drawn. 
Keywords:  Open Source Software, Feedback, Decision Support Systems (DSS), Problem-solving, 
Stress and anxiety, Open source software development, Sentiment analysis 
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Introduction 
Rob seeks to contribute in a cloud computing platform developed by an OSS community. He selects 
an identified community problem to solve it. This problem is about adding a visualization to control 
for data consumption. He then starts contributing to this problem with the help from the community 
and a Decision Support System (DSS). They provide formative and summative feedback to Rob. The 
community considers the solution to be correct and shares their feedback with the individual (i.e. 
verification formative feedback); however, the community thinks the solution could be improved by 
modifying a specific implementation code of the solution (i.e. specific elaborated formative 
feedback) and offering generic advice on how to do solve it (i.e. general formative feedback), which 
is given using positive language (i.e. likability of formative feedback). After Rob improves the 
solution and submits it, the DSS identifies that this solution makes prior solved problems useless 
because the implementation of this solution requires modifying prior solved problems, which 
become a new issue. Thus, the DSS gives negative summative feedback to Rob. Rob must address 
this negative summative feedback by solving in a way that does not invalidate prior solved 
problems. Rob becomes anxious since he knows he must address this negative summative feedback 
from DSS if his work must be accepted. The community decides to help him; however, Rob’s reaction 
to the feedback is different than when he was not in an anxious state. 
Solution generation, or problem solving, is embedded in the nature of humans; we do it individually, with 
teams (Reinig et al. 2007), crowds (Majchrzak and Malhotra 2016), and communities (Bagozzi and 
Dholakia 2006), in both offline-settings (Reinig and Shin 2002) and online-settings (von Hippel and von 
Krogh 2003). The first step in solution generation is revealing an initial solution, which is improved using 
feedback provided by the community (Majchrzak et al. 2011; Majchrzak and Malhotra 2013; Moon and 
Sproull 2008). Feedback is used for different purposes such as integrating different knowledge 
perspectives (Majchrzak and Malhotra 2013), reframing the original solution (Majchrzak et al. 2011), or 
validating it (Moon and Sproull 2008). Furthermore, the feedback affects the community’s sustainability 
(Bagozzi and Dholakia 2006; Moon and Sproull 2008) in both positive (Bagozzi and Dholakia 2006; 
Moon and Sproull 2008) and negative directions (Hildebrand et al. 2013). A possible reason for this 
controversy of positive and negative direction is because the literature does not distinguish between 
formative (i.e. it provides ongoing comments on how to improve a solution) and summative (i.e. it 
measures the level of success of the solution) feedback. In this study, we use a framework for formative 
and summative feedback in an online community by drawing upon theories of learning and cognition, 
which allows bridging seemingly contradictory results. 
Feedback can be social level (i.e. feedback that focuses on the solution, not on the solver) or task-related 
(Kleij et al. 2015; Kluger and DeNisi 1996; Moon and Sproull 2008; Mory 2004; Shute 2008). In this 
paper, we focus on formative and summative feedback that are task-related. On the one hand, such task-
related formative feedback is provided in the form of immediate feedback because the feedback is 
provided while the solver is still working on the solution; on the other hand, task-related feedback can 
also be provided in form of summative feedback (Shute 2008) (e.g.  the feedback is provided after the 
solution iteration has been completed). Drawing upon the literature on learning, we assume that a solver 
integrates the community’s feedback into his or her solution in a similar way as students who receive 
feedback from their professors confirm or alter their own knowledge and skills based on the feedback 
(Mory 2004). 
In this article, we focus on OSS communities (Bagozzi and Dholakia 2006; von Hippel and von Krogh 
2003; von Krogh et al. 2012), which is a solution generation in an online-setting that uses feedback to 
improve the solution, to understand how feedback affects performance. The relevance of performance in 
OSS communities is increasing because firms are adopting OSS to develop a commercial product 
(Ågerfalk and Fitzgerald 2008), hence performance is becoming a concern for these OSS communities. 
Nowadays, there is an increased participation of the firm sponsored developers; which is transforming the 
success of OSS communities. A critical transformation is the importance of the time to market because 
shorter development times ensure the competitiveness of OSS products. Therefore, OSS communities 
increasingly seek to solve the problem in the shortest time possible (Thomke and Fujimoto 2000). In this 
article we measure the performance of solution generation in terms of the time required to correctly solve 
a goal or problem, hereinafter referred to as performance efficiency. 
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Communities, such as those found in OSS projects, seek to solve simple modular problems (Baldwin 
2008) in order to collectively solve the common goal (Howison and Crowston 2014). Despite the desire to 
decompose the common goal into simple modular problems, this is not always achieved because there is 
dependence among the solutions.  Thus, some problems can only be solved if the previous implemented 
solutions are modified (e.g. a new functionality in a software product may modify a prior solution). 
Moreover, some of these modular problems require reformulating the problem during the solution 
generation process, while others do not require to reformulate the problem during the solution generation 
process because the problem is obvious (Von Hippel and Von Krogh 2015). OSS communities deal with 
the challenge of identifying such dependencies by using a DSS (i.e. a Decision Support System is a 
technology device that guides the individuals to make good decisions). This DSS provides summative 
feedback to the problem solver about whether prior solutions are associated with the focal problem at 
hand. Thus, a solver is not only influenced by the formative feedback from the community (Hildebrand et 
al. 2013; Moon and Sproull 2008; Nan and Lu 2014; Phang et al. 2015), but also by the summative 
feedback from the DSS provided at the end of each solution iteration. In contrast to formative feedback 
that does not require to be integrated in the solution, summative feedback must be integrated in the 
solution. 
Individuals may efficiently collaborate without the intervention of a DSS, which, as explained above, 
provides summative feedback to help overcome complex problems. However, the use of this DSS may 
increase the anxiety of the solver when they are provided with a negative summative feedback from DSS 
because this feedback must be forcefully integrated to the solution. This anxiety is due to the necessity of 
the solver to address the issue raised by the DSS before the solution may be considered as final, and 
before it can be integrated in with all prior solved solutions. Eysenck et al. (2007) argued that the 
performance of the solver decreases in some circumstances when he is in an anxious situation, such as 
receiving negative summative feedback from DSS that must be addressed. A theory that tackles with 
anxiety is Attentional Control Theory (ACT), which states that anxiety affects performance by reducing the 
goal-driven attention (e.g. solving a problem of the community) and increasing the importance of 
stimulus-driven attention (e.g. considering formative feedback from the community). Thus, a solver may 
be easily distracted by external stimuli (e.g. formative feedback) and internal stimuli (e.g. worry-some 
thoughts) when the solver is in an anxious state, such as the one produced when receiving negative 
summative feedback from DSS.  
Most of the literature about feedback in communities focuses on the positive role of formative feedback 
(Moon and Sproull 2008; Nan and Lu 2014) , yet Hildebrand et al. (2013) found a negative role of 
formative feedback; however, this contradictory results might be due to the role of summative feedback. 
Therefore, this article borrows from ACT, which, as mention before, is a theory focusing on the effects of 
anxiety on cognitive performance for normal populations who engaged in short-lasting cognitive tasks 
(Eysenck et al. 2007), to distinguish between the different situations generated by summative feedback in 
which the anxiety of the solver is altered. Furthermore, this absence of a state of anxiety in a solver allows 
for an examination of the interplay between summative feedback from DSS and formative feedback the 
community. Therefore, the research question is: how does summative feedback from the DSS and 
formative feedback from the community affect performance efficiency of the solver in 
successful solution generation? 
This research question about formative and summative feedback in solution generation is addressed using 
a prominent OSS community (i.e. Openstack) by proceeding in the following four stages. First, the 
components of the formative feedback from the community and its effect on performance efficiency are 
defined using learning feedback literature (Kleij et al. 2015; Mory 2004; Shute 2008). Secondly, the effect 
of negative summative feedback from DSS is theorized using attentional control theory. Thirdly, the 
theorized results are tested in a two-year dataset from a central repository in Openstack. Lastly, 
theoretical and managerial implications are drawn about solution generation, DSS, We-intentions, 
formative feedback and summative feedback. 
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Theoretical Framework and Hypotheses 
Much of the literature on formative feedback focuses on two different traditions and different disciplines. 
From a social psychology perspective, formative feedback research has focused on motivations (e.g. 
pecuniary, reputation or altruism) (von Krogh et al. 2012; Phang et al. 2015), attitudes (Bagozzi and 
Dholakia 2006; Moon and Sproull 2008), and self-regulations (Nan and Lu 2014), which aim to 
understand the human behavior of who is providing the formative feedback rather than how the formative 
feedback is affecting the solver. Another perspective is the economic or game theory perspective, which 
uses feedback as a component between different individuals who are collaborating and competing, 
assuming that the behavior depends on the gains and losses of the different rational individuals in the 
community. The first subsection of the paper identifies four components for formative feedback based on 
learning feedback literature (Kleij et al. 2015; Mory 2004; Shute 2008) while theorizing its relationship 
using its associated cognitive costs, which affects performance efficiency. The second subsection focuses 
on how these four components of formative feedback are modified when the solver is in an anxious 
situation, such as the one produced by a prior negative summative feedback from DSS, by building on 
ACT (Eysenck et al. 2007). ACT, which was originally developed for understanding cognitive performance 
in offline-settings, can be applied in an online-setting because it theorizes about the effect of anxious 
situations that occur in online-settings (e.g. a prior negative summative feedback from DSS).  
Components of Formative Feedback from the Community 
The effectiveness of the feedback is related to an emotional (or affective) and an intellectual aspect (Shute 
2008); social and psychological sciences usually emphasize the intellectual aspect (Shute 2008; Vygotsky 
1997). The emotional aspect mainly consists of the use of positive or negative specific words (Amabile et 
al. 2005) or even the use of emoticons (Hildebrand et al. 2013). The intellectual aspect of feedback is 
decomposed into verification and elaborated dimensions of information (Bangert-Drowns et al. 1991; 
Shute 2008). Verification formative feedback seeks to measure the quality of the solution, while 
elaborated formative feedback seeks to monitor the solution while providing information. Moreover, 
elaborated feedback might be further decomposed into (a) specific and directive and (b) general and 
facilitative (Shute 2008). For instance, specific and directive elaborated feedback occurs when the 
feedback addresses the topic, the response, or when it discusses particular errors. Similarly, general and 
facilitative elaborated feedback may provide worked examples and gentle guidance. 
 Aspect Dimension 
of 
information 
Type 
Likability of formative feedback Emotional NA NA 
Verification formative feedback Intellectual Verification NA 
Specific elaborated formative feedback Intellectual Elaborated Specific and directive 
General elaborated formative feedback Intellectual Elaborated General and facilitative 
Table 1: Different Components of formative feedback 
Thus, this suggests that there are four components of feedback that influence the solver as seen in Table 1: 
(1) likability of formative feedback, (2) verification formative feedback (e.g. Moon and Sproull (2008) 
used this component of feedback to signal high-quality contributions), (3) specific and directive 
elaborated formative feedback (e.g. Hildebrand et al. (2013) provided specific recommendations on how 
to improve a solution), and (4) general and facilitative elaborated formative feedback (e.g. Phang et al. 
(2015) focused on how to attract raw contribution to a question). These different components of formative 
feedback provided by the community have different associated costs on cognitive abilities. There are three 
main functions identified with the cognitive abilities that are related to the ability to solve a problem by 
the solver: inhibition, shifting, and updating (Miyake et al. 2000). Inhibition is the ability from the solver 
to resist disruption from irrelevant task. Shifting is the ability from the solver to concentrate on multiple 
tasks. Finally, updating focuses on updating and monitoring working memory representations. 
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Likability of formative feedback 
The feedback is designed by different degrees of likability ranging from positive (e.g. use of praise and 
happiness language) to negative (e.g. use of anger and anxiety language). Likability of formative feedback, 
which is a critical component, is referenced using various names, such as likability of formative feedback 
(Hildebrand et al. 2013) or the affective tone of formative feedback (Moon and Sproull 2008). The 
emotional aspect of formative feedback has been studied mainly in offline-settings to explain the rational 
behavior, memory retrieval, decision making, and creativity (Amabile et al. 2005; Picard et al. 2004), but 
is relevant for online-settings as well (Hildebrand et al. 2013; Moon and Sproull 2008). Moreover, the 
likability of formative feedback influences performance effectiveness (Moon and Sproull 2008) and 
performance efficiency (Shute 2008). This likability of formative feedback affects performance efficiency, 
however, it is subjective and difficult to assess. 
A positive emotional state of the solver might be induced through the contagion effect (Coviello et al. 
2014; George and Bettenhausen 1990) (i.e. the solver can sense the emotions of the community and 
acquire a similar emotional state). For example, a customer in a store will be happier if he is greeted with 
a smile when entering (Barger and Grandey 2006). Therefore, a positive likability of formative feedback 
generate a positive likability of formative feedback in the solver, which is associated with an increase in 
creativity (Amabile et al. 2005; Baas et al. 2008). This increased creativity is mainly due to an increase in 
the repertoire of cognitive tasks that can be performed by the solver, which is associated with a greater 
ability to focus on the task at hand (Amabile et al. 2005; Picard et al. 2004), which in turn increases the 
cognitive processing capabilities of the solver. In short, the solver will be more creative due to an increase 
in cognitive processing capabilities, and therefore, the solver will increase performance efficiency. 
Hypothesis #1a: Positive likability of formative feedback increases performance efficiency. 
Verification formative feedback 
Verification formative feedback confirms the correctness, or incorrectness, of the solution proposed by the 
solver. The most common form of verification formative feedback is by stating an up-vote or down-vote in 
an online community, which suggests a solution is either correct or incorrect (e.g. a solution might be up-
voted or down-voted by the community). Verification formative feedback is based on the behaviorist view 
of learning (Kleij et al. 2015) that seeks to reinforce the correct recall of facts. For example, the direction 
of this verification formative feedback provides additional information for the solver on the extent to 
which the solution generated is accepted by the community, but does not provide the correct answer or 
any additional information (Kleij et al. 2015; Shute 2008). 
Community can strengthen the solver approach to the problem by offering a positive verification 
formative feedback, suggesting to the solver that there is no problem with the way the solver is 
approaching to solve the problem. Moreover, this suggests to the solver that he does not need any input 
from the community and create no pressure on him. However, when a negative verification formative 
feedback is received from the community, it indicates a problem with the proposed solution. In this 
situation, the solver can discriminate if the negative verification formative feedback is relevant or not by 
detecting a problem in his proposed solution. This detection may be done in a short period of time 
because the solver wants the community to engaged by offering a quick reply (i.e. n asynchronous settings 
as in OSS communities, a quick reaction maximizes the chances that the community will react if 
necessary), and the solver is capable because he has no diminished cognitive capabilities due to be in a 
non-anxious situation (Eysenck et al. 2007).  Therefore, to provide a quick improved solution, the solver 
requires negative verification formative feedback. 
Hypothesis #1b: Positive verification feedback reduces performance efficiency. 
Specific elaborated formative feedback 
Specific elaborated formative feedback provides particular and accurate answers which tends to be more 
directive (i.e. feedback that indicates the solver what to do) than facilitative (i.e. feedback intended to 
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provide guidance through comments and suggestions) (Black and Wiliam 1998). Specific elaborated 
formative feedback usually provides the solver with improvements in the particular components of the 
solution instead of indicating whether the solution is correct or not (Shute 2008). In the particular case of 
OSS, an example of this component of formative feedback is a comment that provides improvements in 
specific lines of code. 
A community improvement is more efficient because it indicates what to do, which in turn would suggest 
that the time to resolve the problem is reduced. This additional task, or secondary task, forces the 
individual to switch between tasks (e.g. a switch between the main task and the additional task). Although 
a solver that is in a normal state of mind (i.e. not anxious) can effectively change tasks, the amount of 
cognitive effort that a solver needs to do so consumes his cognitive resources. Moreover, this additional 
task imposes an additional effort, since the solver needs to new address the secondary task, which will 
require additional time to solve it. Therefore, when the community provides specific information 
developed, this will reduce the yield efficiency. 
Hypothesis #1c: Specific elaborated formative feedback reduces performance efficiency. 
General elaborated formative feedback 
General elaborated formative feedback seeks to provide more information about the problem. This type of 
feedback, which is based on concepts that are general and abstract, can even allow the solver to consider 
new perspectives. It is usually provided to challenge current solving strategies but without being specific 
on how to do it, as specific elaborated formative feedback would be. In the particular case of OSS, an 
example of general elaborated formative feedback is a comment that it is intended to provide feedback 
about how the proposed solution is solved, and even how it could be solved from a macro perspective.  
Sometimes this type of feedback leads to rethink or reframe how the solution is being solved (Carlile 
2002), or even offers a guide to the main issues that needs to be addressed to successfully solving it. 
Moreover, general elaborated formative feedback may require more time to understand the intent of 
feedback because the solver must translate the general feedback to his view of the solution (Bangert-
Drowns et al. 1991). This abstract or general approach could involve an alternative solution, which might 
be near or far from the solution to the current solver. Nevertheless, this alternative solution will require 
additional cognitive abilities, which in turn increase the time to solve the problem. Therefore, when the 
community provides general prepared feedback, this will reduce the performance efficiency. 
Hypothesis #1d: General elaborated formative feedback reduces performance efficiency. 
Summative Feedback from DSS 
This article adapts Attentional Control Theory (ACT), which is developed for short-term cognitive tasks, 
suited to predict how individuals perform in a state of anxiety, such as it happens with a negative 
summative feedback from DSS (i.e. when the DSS in an OSS community provides a negative summative 
feedback, the solution cannot be accepted unless the problem posed by the DSS is solved), to understand 
how formative feedback is modified in anxious situations. This theory is an extension of the performance 
efficiency theory (Eysenck and Calvo 1992), both of ACT and performance efficiency theories, which are 
based on cognitive short-term effects in offline-setting that this investigation extends to long-term effects 
in online-settings. ACT assumes that the individual enters in an anxious situation when there is a 
potential of failing to solve a problem (e.g. prior negative summative feedback from DSS may pose 
difficulties that the solver may not be able to solve). Finally, ACT is based on the assumption that 
individuals have two attentional systems that are in equilibrium: 1) a goal-directed attentional system that 
is influenced by expectations, knowledge and objectives, and 2) stimulus-driven attentional system that 
responds to stimuli (Corbetta and Shulman 2002). Anxiety disrupts this balance between these two by 
giving more importance to stimulus-driven attentional system (Eysenck et al. 2007), which in solution 
generation refers to formative feedback. 
A prior negative summative feedback from DSS is a circumstance that fosters the creation of aversive 
emotional and motivational state in the solver (Eysenck et al. 2007). Solvers in an anxious state usually 
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worry about the threat and try to detect their origin and decide how to deal with it (Eysenck et al. 2007). 
For example, Hildebrand et al. (2013) suggested that low emotions threaten the solver and then is more 
susceptible to external stimuli. Anxiety reduces the focus on the problem at hand by making other stimuli 
more attractive, and the solver become easily distracted (Eysenck et al. 2007). Individuals may allocate its 
internal resources to internal stimuli (e.g. worrisome thoughts) or external stimuli (e.g. irrelevant tasks). 
Moreover, negative summative feedback from DSS signals that there is a problem related to prior solved 
problems, which require more memory and processing capabilities. However, the updating capabilities of 
the solver in an anxious situation are impaired. Therefore, when there is a prior negative summative 
feedback from DSS, this will reduce the performance efficiency. 
Hypothesis #2a: Prior negative summative feedback from DSS reduces performance efficiency. 
Likability of formative feedback when a prior negative summative 
feedback from DSS 
It is important to note that the solvers in OSS communities are not addressing the problem alone, but 
with the collaboration of the community through their feedback. The anxiety trigged by a prior negative 
summative feedback from DSS increases the importance of stimulus-driven attentional system (Eysenck 
et al. 2007). Solvers in an anxious situation perform better when they are under threat-related stimuli 
because anxiety produces a preferential attention to stimuli related threats (Eysenck et al. 2007). This 
threat-related stimuli is defined by the type of stimuli, and ‘neutral stimuli are defined as those lacking 
emotional’ (Eysenck et al. 2007, p. 344) or having a neutral likability of formative feedback. Therefore, 
formative feedback that is less likable (i.e. by having more negative emotion words in the feedback) is 
going to be a threat-stimulus, and thus have more performance. For example, a task that consisted of 
detecting angry faces in the middle of a crowd, high-anxious individuals in the task produced shorter 
times compared to low-anxious individuals (Byrne and Eysenck 1995). Therefore, when there is a prior 
negative summative feedback from DSS and positive likability of formative feedback, this will reduce the 
performance efficiency. 
Hypothesis #2b: Prior negative summative feedback from DSS makes the positive likability of formative 
feedback reduce performance efficiency. 
Verification formative feedback when a prior negative summative 
feedback from DSS 
Anxious individuals have a reduced inhibition function that allows them to withstand internal or external 
disruption (Miyake et al. 2000) and attracts attention away from the task to solve, which in turn hinders 
performance (Eysenck et al. 2007). Verification formative feedback is a type of feedback that is objective, 
as it only allows the options of correct or incorrect. When there is a prior negative summative feedback 
from DSS, a positive verification formative feedback provides the solver with the knowledge that the 
solution is correct from the community’s perspective. A positive verification formative feedback provides a 
psychological security that protects the solver from the common worry-some thoughts (i.e. internal 
disruption) produced in anxious situations (Eysenck et al. 2007). Conversely, when the verification 
formative feedback is negative, the solver cannot effectively cope with worry-some thoughts and his 
performance efficiency decreases. 
Hypothesis #2c: Prior negative summative feedback from DSS makes the positive verification formative 
feedback increase performance efficiency. 
Specific elaborated formative feedback when a prior negative 
summative feedback from DSS 
Solvers in a state of anxiety may try to devote additional time to address the adverse effects of anxiety 
(Eysenck et al. 2007). This requires the individual to increase the use of resources, such as time, since the 
solver’s cognitive processing abilities are diminished. Specific elaborated formative feedback usually 
requires the solver to switch among main task and additional task, which is impaired under anxious 
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situations (Eysenck et al. 2007; Richards et al. 2000). For example, a solver in an anxious situation will 
spend their time worrying about which task is more important, rather than start solving any of them. 
Therefore, anxious individuals take longer than non-anxious individuals when it comes to developing 
specific elaborated formative feedback trigged by a prior negative summative feedback from DSS.  
Hypothesis #2d: Prior negative summative feedback from DSS makes specific elaborated formative 
feedback reduce performance efficiency. 
General elaborated formative feedback when a prior negative 
summative feedback from DSS 
Similarly, a solver in a situation of anxiety has trouble accessing memory compared to non-anxious solver 
because his updating cognitive capability is impaired in an anxious situation (Eysenck et al. 2007). These 
individuals have worry-some thoughts that occupy part of their memories, which makes him less efficient. 
However, general elaborated formative feedback have the potential to cope with this impairment from the 
solver because this component of formative feedback act as a transactive memory (Ren and Argote 2011). 
In contrast to the specific elaborated formative feedback, which requires high resource central executive 
to switch among tasks, general elaborated formative feedback does not requires it. Therefore, when there 
is a prior negative summative feedback from DSS and general elaborated formative feedback is used, the 
performance efficiency will increase. 
Hypothesis #2e: Prior negative summative feedback from DSS makes general elaborated formative 
feedback increase performance efficiency. 
Research Design, Method and Data 
This section starts by describing the selection of the case setting. This is followed by the description of the 
data. Then, it explains how multi-stage regression is used to test the different hypotheses to predict for 
performance efficiency. 
Case Setting: Openstack 
The use of feedback in solution generation is found in many places from crowdsourced discussion 
(Majchrzak and Malhotra 2013) to OSS communities (von Hippel and von Krogh 2003; Howison and 
Crowston 2014). In particular, some OSS communities have specific artifacts designed to appeal to the 
different components of formative feedback from the community (e.g. verification formative feedback, 
specific elaborated formative feedback and general elaborated formative feedback). Moreover, these OSS 
communities have a DSS to provide summative feedback to the solver solution. These OSS communities 
are ideal candidates to research on the effect of the different components of formative and summative 
feedback because the distinction among the different components of formative feedback is done by the 
community and not by the researcher (e.g. the feedback from a crowdsourced discussion requires 
qualitative coding done by the researcher). In addition to these considerations, the design of the OSS 
platform forces the community to identify the problem first, and then solve the problem. This isolates the 
solution generation process from the generation process problem that can be sometime coupled in 
problem solving (Von Hippel and Von Krogh 2015). Therefore, a prominent OSS community was selected 
named ‘Openstack’. 
Openstack is a platform that ’seeks to produce the ubiquitous Open Source Cloud Computing platform 
that will meet the needs of public and private clouds regardless of size, by being simple to implement and 
massively scalable’ (OpenStack 2016). This leading OSS community in the area of cloud computing was 
launched in 2010 by Rackspace Hosting and NASA with the public release of code-data that become the 
two most important repositories within Openstack: Nova and Neutron. Since its launch the community 
has been adopted by many organizations such as CERN and received major investments. OpenStack is a 
community that is organized into different components that focus on different fields (i.e. compute, image 
service, object storage, dashboard, identity service, networking, block storage, orchestration, telemetry, 
database, elastic map reduce, bare metal provisioning, multiple tenant cloud messaging, shared file 
system service, DNSaaS and security API).  
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Description of the Data 
This research used a dataset of two years from the most successful and the core component of Openstack, 
which is called 'Nova'. Nova produced 7,470 problems over a period of two years, however, 2,452 of these 
problems did not follow the rules of the community (i.e. some problems were solved individually because 
they were not posted in the community), so they were not considered because there was no potential for 
collaboration in these type of problems revealed in the OSS community. Therefore, we had 5,018 
problems that produced 976.635 lines of code in a two-year period in 36,878 solutions. Each problem was 
solved by submitting a first initial solution which was evaluated by the DSS. This was followed by a period 
in which the community interacted with the solver providing feedback, which helped improve the solution 
and even reframe the problem.  Finally, if the solution produced no problems from the DSS, the solution 
could be approved and integrated into commons (i.e. the entire corpus of problems solved in the 
community). This process is depicted in Figure 1. For example, a solver submits its initial version to the 
DSS which provides summative feedback, then, the community helps the solver using formative feedback 
which helps create a new iteration of the solution; this new solution is submitted to the DSS and a new 
iteration occurs until the solution is accepted by the DSS and a core individual. 
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Figure 1: Process of the Solution Generation Process 
Data Analysis 
The analysis of data was performed using a three-stage fixed effect regression model to take into account 
the heterogeneity of the problems using the LME4 R library (Bates et al. 2015) because the interest 
variables where within the problem. In addition, these solutions that were not resolved were not 
considered because the dependent variable is the number of successful submitted iterations. This 
decreased the number of solutions from 36,878 to 34,618. The level of analysis was on the solution or 
iteration. The dependent variable was the performance efficiency, which was measured as negative time 
when the solver successfully submitted a new solution to the problem, and the independent variables were 
the formative feedback from the community and summative feedback from the DSS. 
Stage 1: Control variables 
Five control variables derived from the literature were included. The first control was to account for the 
increase difficulty to develop a solution in the initial stages of solution generation, which was the (1) time, 
in hours, of the solution when it was submitted. The second was related to problems that needed to be (2) 
reformulated in order to be solved (Von Hippel and Von Krogh 2015) , which was measured as a binary 
variable. A third control was the complexity of the problem, which was measured as the number of 
solutions. Another control was the experience of the solver, which was measured as the number of 
activities participated in. The remaining control variables were related to the reaction from the solver to 
the three of the four types of formative feedback because a solver cannot up-vote or down-vote their own 
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solution. The (5)  positive likability of the solver in reaction to community, which was measured assessing 
the emotional and affectual shifts in the replies from the solver (Mohammad and Turney 2013) using an R 
library that build on the NRC ontology (Jockers 2015). The (6) specific elaborated feedback solver in 
reaction to community, which was measured with the number of responses to specific code. The (7) 
general elaborated feedback solver in reaction to community, which was measured as the number of 
responses about the problem by the solver. 
Stage 2: Formative feedback from the community 
The four components theorized from formative feedback were included in stage 2. These components are: 
(9)  positive likability of formative feedback, which was measured by the emotional and affectual shifts in 
the formative feedback (Mohammad and Turney 2013) using an R library that build on the NRC ontology 
(Jockers 2015), (10) positive verification formative feedback, which was measured subtracting the number 
of negative feedback (i.e. down-votes) given by the community to the number of positive responses 
feedback (i.e. up-votes), (11) specific elaborated formative feedback, which was measured with the 
number of responses to specific code given by the community, and (12) general elaborated formative 
feedback, which was measured as the number of responses about the problem given by the community.  
Stage 3: Summative feedback from the DSS 
The final independent variable is measured as a dummy named (8) prior negative summative feedback 
from DSS. This variable was '1' when the DSS assessed the solution as problematic. Then, the interaction 
of this dichotomous variable with the previous four formative assessments allowed us to evaluate the 
second set of hypotheses. 
Results 
Table 2 shows the descriptive statistics for the variables used in this study. There were 5,018 problems 
that produced 34,618 iterations of solutions, which took an average of 87.5 hours to solve them, required 
an average of 7 iterations, and few of them where reformulated (.01). The solver engaged the community 
in a neutral form (i.e. positive likability of the solver in reaction to the community= .01) and generated .60 
specific elaborated formative feedback in reaction to the community and .68 general elaborated formative 
feedback in reaction to the community. Some of these iterations produced prior negative summative 
feedback from the DSS (.07). There were no signs of multicollinearity1 (VIF = 2.42<2.5), although, general 
elaborated feedback solver in reaction to community  and experience of the solver were moderately 
correlated (-.63).  
  
                                                             
1 A sensitivity analysis was performed by removing experience of the solver, which lead to the same results. 
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Mean 
(SD) 
(0) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)  (11) 
Dependent 
Variable 
             
(0) Performance 
Efficiency 
-87.5 
(291.7) 
            
Control 
Variables 
             
(1) Time of the 
iteration 
7.00 
(9.00) 
.25            
(2) 
Reformulation 
of the problem 
0.01 
(0.10) 
-.09 .01           
(3) Complexity 
of the problem 
1.06 
(.31) 
.02 -.03 -.20          
(4) Experience 
of the solver 
0.99 
(.96) 
.07 .02 -.16 -.18         
(5) Positive 
likability of the 
solver in 
reaction to 
community 
0.01 
(0.31) 
.00 .01 .00 .01 .00        
(6) Specific 
elaborated 
feedback solver 
in reaction to 
community 
0.60 
(0.57) 
-.05 -.04 .12 -.04 -.37 .00       
(7) General 
elaborated 
feedback solver 
in reaction to 
community 
0.68 
(0.70) 
-.05 -.01 .14 .00 -.63 -.02 .05      
Independent Variables             
(8) Prior 
negative 
summative 
feedback from 
DSS 
0.07 
(0.26) 
-.17 .00 .04 -.02 -.29 .01 .21 .21     
(9) Positive 
likability of 
formative 
feedback  
0.21 
(0.66) 
-.01 -.01 .05 -.07 .02 -.05 .04 .14 .00    
(10) Positive 
verification 
formative 
feedback  
0.34 
(0.90) 
-.01 -.02 .04 -.13 -.25 -.01 .32 .30 .12 -.10   
(11) Specific 
elaborated 
formative 
feedback 
1.22 
(1.36) 
.01 .01 -.01 -.02 -.01 .02 -.43 .10 -.04 .01 .18  
(12) General 
elaborated 
formative 
feedback 
0.81 
(0.78) 
-.03 -.01 .04 -.11 -.08 .02 .15 -.13 .03 -.30 -.05 -.25 
Table 2: Descriptors and Correlation among the Variables 
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The results shown in Table 3 indicate that formative feedback was significant over the control 
model(𝜑2 = 4753∗∗∗). Furthermore, summative feedback from DSS was significant over formative 
feedback from community (𝜑2 = 213∗∗∗), but it has low precision (∆𝑅2 = .01) that might be due to low 
prior negative summative feedback from DSS (.07).The fixed effect model was significant for all the three 
stages of the analysis. The first sets of hypotheses were confirmed about formative feedback. The first one, 
which was: the positive likability of the formative feedback increases performance efficiency, was 
confirmed (. 11∗∗∗).  The second one, which was: positive verification feedback reduces performance 
efficiency, was confirmed (−.20∗∗∗). The third one, which was: specific elaborated formative feedback 
reduces performance efficiency, was confirmed (−.07∗∗∗). Finally, the last one, which was: general 
elaborated formative feedback reduces performance efficiency, was also confirmed (−. 30∗∗∗). Similarly, 
the second sets of hypotheses were also confirmed about how a prior negative summative feedback from 
DSS modifies the formative feedback from the community. The first one, which was: prior negative 
summative feedback from DSS reduces performance efficiency, was confirmed (−.29∗∗∗). The second one, 
which was: prior negative summative feedback from DSS makes the positive likability of formative 
feedback reduce performance efficiency, was confirmed (−.09∗∗). The third one, which was: prior negative 
summative feedback from DSS make the positive verification of the formative feedback increase 
performance efficiency, was confirmed (. 10∗∗∗). The fourth one about how a prior negative summative 
feedback from DSS makes specific elaborated formative feedback reduce performance efficiency was not 
confirmed. The last one, which was: prior negative summative feedback from DSS makes general 
elaborated formative feedback increase performance efficiency, was confirmed (. 06∗∗). A robustness check 
was done to assess the effect of the first solution by removing the first feedback from the solution 
obtaining similar results.  
Verification formative feedback provides the advantage to signal those individuals that are outperformers, 
so the community can learn from them (Moon and Sproull 2008). Moreover, it also allows signaling the 
solver when he needs to address the problem in a different direction by having negative verification 
formative feedback under a situation of no anxiety (i.e. prior positive summative feedback from DSS) 
(H1b), or to reinforce a solution under anxiety situation (H2c). In addition to the prior component of 
formative feedback, specific elaborated formative feedback, which reduces performance effectiveness 
when received early by not considering those alternative solutions that are far away from the solver’s 
solution (Hildebrand et al. 2013), which in turn it is expected to increases the performance efficiency. 
Although, general elaborated of formative feedback helps the sustainability of the community and 
improves the quality of the ideas (Moon and Sproull 2008; Phang et al. 2015), these are not free of cost for 
the individual integrating this knowledge into the solution (H1c and H1d). 
Interestingly, this process is done more efficiently when the elaborated formative feedback is general 
under an anxious situation. A possible explanation for this is that the anxious solver, who is cognitively 
impaired, and therefore, have less individual memory (Miyake et al. 2000), overcomes this limitation by 
using the general elaborated formative feedback as a form of transactive memory to expand the individual 
memory  (Ren and Argote 2011) (H2e). For example, this transaction memory might be used to speed up 
the process to reframe the problem (Carlile 2002). Specific elaborated formative feedback was not 
significant (H2d), suggesting that there is no association with performance efficiency in anxious 
situations. An explanation might be found by not only considering the negative effects of an additional 
task, but the help provided to the solver in the form as transaction memory offered to the solver (i.e. in the 
same form as in H2d). Therefore, these opposites effects cancel out each other effect, making H2d 
insignificant. 
Similarly, to previous formative feedback components, the likability of formative feedback has been used 
to theorize about its importance for the sustainability of the community. Positive likability of formative 
feedback increased performance efficiency as it triggers a similar state by the solver (Coviello et al. 2014) 
and increases his creativity (Amabile et al. 2005). However, Nan and Lu (2014) suggested that positive 
feedback on the emotions helps to increase diversity, which in turn increases time to process it since it 
arises new perspectives and problems. In contrast, negative emotions, as the ones that increase 
performance efficiency, might be also due to the community seeking convergence on the solution that 
requires less time.  
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Control 
Model 
Formative 
Feedback Model 
Summative 
Feedback Model 
Intercept 
-.01 
(.01) 
.00 
(.01) 
.01 
(.01) 
Time of the iteration 
.00 
(.01) 
.00 
(.01) 
.01 
(.01) 
Reformulation of the problem 
-.01 
(.01) 
-.15*** 
(.05) 
-.20*** 
(.05) 
Complexity of the problem 
.05*** 
(.01) 
.02*** 
(.01) 
.02*** 
(.01) 
Experience of the solver 
-.37*** 
(.08) 
-.26*** 
(.01) 
-.24*** 
(.01) 
Positive likability of the solver in reaction 
to community 
.01* 
(.00) 
.01 
(.00) 
.01 
(.00) 
Specific elaborated formative feedback 
solver in reaction to community 
.20*** 
(.01) 
.13*** 
(.01) 
.11*** 
(.01) 
General elaborated formative feedback 
solver in reaction to community 
.06*** 
(.01) 
.03*** 
(.01) 
.01*** 
(.01) 
H1a: Positive likability of formative 
feedback 
 
.09*** 
(.01) 
.09*** 
(.01) 
H1b: Positive verification formative 
feedback 
 
-.21*** 
(.01) 
-.23*** 
(.01) 
H1c: Specific elaborated formative 
feedback 
 
-.08*** 
(.01) 
-.08*** 
(.01) 
H1d: General elaborated formative 
feedback 
 
-.31*** 
(.01) 
-.32*** 
(.02) 
H2a: Prior negative summative feedback 
from DSS (SummativeFB) 
  
-.31*** 
(.02) 
H2b: Positive likability of formative 
feedback x SummativeFB 
  
-.07* 
(.01) 
H2c: Positive verification formative 
feedback x SummativeFB 
  
.14*** 
(.02) 
H2d: Specific elaborated formative 
feedback x SummativeFB 
  
.01 
(.02) 
H2e: General elaborated formative 
feedback x SummativeFB 
  
.06*** 
(.02) 
Parameters     
Variance of the intercept 
.04*** 
(.21) 
.06*** 
(.24) 
.06*** 
(.24) 
Variance of the residual 
.82 
(.90) 
.71 
(.84) 
.71 
(.84) 
Degrees of freedom (df) 10 14 19 
AIC 93755 89010 88807 
Log likelihood - 46868 - 44491 - 44385 
Chi-squared (φ2)  4753*** 213*** 
R2  .21 .31 .32 
*p ≤ .05, **p ≤ .01, ***p ≤ .001. There were 5,108 problems and 34,618 solutions 
Table 3: Results of the Different Models 
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Discussion 
The research question asked was: how does summative feedback from the DSS and formative 
feedback from the community affect performance efficiency of the solver in successful 
solution generation? The theory of how the different components of the formative and summative 
feedback affect performance efficiency is shown in Figure 2. There are two findings of this study. First, 
formative feedback from the community has several components that affect the performance efficiency in 
different ways, instead of all the forms affecting it in the same form. Secondly, summative feedback from 
DSS reshapes formative feedback on how formative feedback affects performance efficiency. 
 
Figure 2: Formative Feedback from Community and Summative Feedback from DSS Model 
Formative Feedback: We-intention 
The communities have a strong sense We-intention compare to We-intention found in the crowds. We-
intentions is an intention in which individuals carry out joint action with others to achieve a goal (Bagozzi 
and Dholakia 2006). For example, in the case of OSS communities, We-intentions refers to collectively 
resolve a problem by having a solver addressing a problem and proposing an initial solution and receive 
help in the form of formative feedback, which is expected by norms and traditions of the OSS community 
(von Hippel and von Krogh 2003; von Krogh et al. 2012). Another example, in a different field, is 
crowdsourcing discussion, where individual and collective goals are well aligned (Malhotra and Majchrzak 
2014); in contrast to other crowdsourcing as innovation tournaments that do not have We-intentions 
because they are not collaborative-based as crowdsourcing discussions. Although, Bagozzi and Dholakia 
(2006) used We-intentions to theorize at the individual level rather than at the collaboration level. This 
article provides for how We-intentions shape the collaboration through formative feedback by developing 
this framework. 
Each component of formative feedback allows the realization of an important task for the We-intention. 
Verification formative feedback allows the solver to receive information about the accuracy of the 
solution, which if this verification formative feedback is negative encourages the solver to increase its 
efficiency. We-intentions are also communicated using both specific and general elaborated formative 
feedback that helps achieve the shared-goal of solving the problem. Interestingly, these two general and 
specific elaborated feedback decrease the efficiency in performance, but general elaborated feedback 
increases performance efficiency in situations of anxiety. Finally, these three intellectual components of 
Positive Likability of 
Formative Feedback 
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formative feedback 
Specific Elaborated 
Formative Feedback 
General Elaborated 
Formative Feedback 
Prior Negative Summative 
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Performance 
Efficiency 
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H1b - 
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H2b - 
H2c + 
H2e + 
H2a- 
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feedback are essential to convey We-intention to the solver in a rational and intellectual aspect. However, 
as Bagozzi and Dholakia (2006) noted, the importance of emotions of the individual for We-intention; 
this article discusses the importance of how formative feedback is transmitted through the likability of 
formative feedback in a similar way as the learning literature suggests (Shute 2008). We-intentions 
communicated in positive emotions helps the solver if he is not in an anxious situation. Therefore, to 
understand the We-intentions, all four components of the formative feedback should be taken into 
consideration while considering the influence of summative feedback. 
Summative Feedback: Using DSS in OSS 
The open nature of OSS has its benefits and challenges, with one of the more significant challenges being 
that any individual feels entitled to contribute even if they know nothing about the software or about 
programming. Allowing such individuals to engage in an OSS project can harm the quality of the software 
produced. OSS traditionally attracted individual developers who dedicated their free time contributing to 
the community, however, due to the popularization of OSS communities leaders are facing increasing 
difficulties to ensure the quality of the code. DSS provides a form to overcome these problems by 
providing summative feedback, yet it changes how formative feedback from the community is perceived 
by the solvers.  
Attentional control theory provides a way to make sense of the consequences of receiving a prior negative 
summative feedback from DSS, because this negative feedback creates a state of anxiety in the individual. 
Thus, the community should be able to adapt to how the type of summative feedback is communicated 
knowing that specific behaviors actually help and others hurt. Therefore, DSS changes how the 
community communicates with the solver in solution generation; the community must be able to adapt 
knowing that actually specific components of formative feedback help or damage based on the positive or 
negative summative feedback provided by DSS. Finally, the DSS also changes the emotional aspect of 
formative feedback, and provides an explanation for the divergent results of the literature, which are 
explained in terms of solver state of anxiety. For example, a previous negative summative feedback from 
DSS sets solver in a state of anxiety that requires negative likability of formative feedback to be efficient, 
which also helps explain the negative likability results of Hildebrand et al. (2013). In contrast to the sign 
of likability of the formative feedback, a positive summative feedback from DSS (i.e. the solver is in a 
situation of non-anxiety) requires a positive likability of formative feedback, which is a similar situation 
when the organization seeks to foster creativity in a normal non-state anxiety (Amabile et al. 2005; Baas 
et al. 2008). 
Summing up, summative feedback can be seen as a kind of feedback high competence as it is defined by 
Hildebrand et al. (2013). Hildebrand et al. (2013) focused in how formative feedback affects the quality or 
performance effectiveness. They found that feedback from competent sources or summative feedback 
influence the solver to integrate alternative solutions that are farther from the solver. Therefore, one 
reason why summative feedback reduces performance efficiency is because more time is required to 
assimilate the alternative solution which is at a greater distance from the current solution, and the solver 
requires more cognitive processing. Interestingly, Hildebrand et al. (2013) found that solvers in a state of 
anxiety (i.e. high competence or a prior negative summative feedback from DSS) accept more alternative 
solutions that are at a greater distance from the solver’s solution when receiving positive likability of 
formative feedback. In contrast to requiring a negative likability of formative feedback to accept solutions 
at a higher distance from the solver (i.e. this solution require more cognitive processing capabilities from 
the solver because the alternative solution is more different than the solver proposal), when they are in a 
state of non-anxiety. Our framework provides further evidence of why this change in the effect of 
performance efficiency is produced by building on the effects of anxiety states. 
Management Implications 
Individuals of an OSS community providing formative feedback should be aware that the components of 
formative feedback have different effects when the solver is anxious (e.g. a prior negative summative 
feedback from the DSS), and when it is in a non-anxious situation. For example, the community should 
avoid threating the solver via negative verification formative feedback in anxious situations while sharing 
responsibility via negative likability of formative feedback. In contrast, the community may encourage the 
solver in non-anxious situations by detecting and down-voting flaws in the solution generation process.  
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OSS platform designers should seek to design the platform when there is a problem detected by the DSS 
(i.e. negative summative feedback), and when there is not. The platform should prime all formative 
feedback when there is a problem detected by DSS, especially feedback that has negative likability. This 
could be implemented using libraries to detect the likability of the feedback. Finally, the OSS community 
managers could take these distinguished behaviors in order to minimize the negative impact of some 
components of formative feedback by providing guidelines about how to behave when there is a prior 
negative summative feedback from the community.  
Limitations and Future Research 
Further research is required to address several limitations of this study. While the objective of this study 
focused on the importance of formative feedback and the effect of a prior negative summative feedback 
from DSS using ACT. This theory was originally developed to explain the effect of anxiety when it occurs; 
therefore, the operationalization of negative summative feedback is restricted to account when anxiety 
occurs, rather than the accumulation of it. New theories may explore the medium or long term effects of 
anxiety in OSS community. Moreover, research is needed to determine that these different components of 
formative feedback behave the same for online and offline teams in the solution generation process. 
Finally, future research is needed on DSS providing formative feedback and the community providing 
summative feedback. 
Conclusions 
Most of the literature on the sustainability of OSS communities focuses on the importance of formative 
feedback, however, there are some seemingly contradictory results, which this article argued that were 
probably due to the effect of summative feedback on formative feedback. Moreover, this research provides 
a distinction between four different components of formative feedback (i.e. likability of formative 
feedback, verification formative feedback, specific elaborated formative feedback, and general elaborated 
formative feedback) based on learning literature (Shute 2008). Furthermore, much of the literature on 
feedback focuses on how feedback is associated with the quality or performance effectiveness (Hildebrand 
et al. 2013; Moon and Sproull 2008; Phang et al. 2015) without taking into account the importance of 
product development considerations, which focuses on performance (Thomke and Fujimoto 2000). 
Therefore, this article proposes and uses a new measure of solution generation called performance 
efficiency. 
This research theorizes about how summative feedback from DSS modifies formative feedback from the 
community by building on attentional control theory, which is a cognitive theory about anxiety in offline-
settings that is adapted to the online-settings (Eysenck et al. 2007). The proposed framework suggests 
that summative feedback reshapes formative feedback based on the state of anxiety, or non-anxiety, of the 
solver. Moreover, the positive verification formative feedback, negative likability of formative feedback, 
and both specific and general elaborated formative feedback reduces performance efficiency. However, 
the performance efficiency changes when the solver enters an anxious situation such as that produced 
when a prior negative summative feedback from DSS is received. Finally, managers should design OSS 
communities that take into account the anxiety that a prior negative summative feedback from DSS 
creates to the solver in the solution generation process. 
Acknowledgements  
This work was partially supported by the Red Hat Fellowship, funded by Red Hat Inc. The authors would 
like to thank Purdue's Discovery Park for its support in this research. 
References 
Ågerfalk, P. J., and Fitzgerald, B. 2008. “Outsourcing to an Unknown Workforce: Exploring Opensourcing 
as a Global Sourcing Strategy,” MIS Quarterly (32:2), pp. 385–409. 
Amabile, T. M., Barsade, S. G., Mueller, J. S., and Staw, B. M. 2005. “Affect and Creativity at Work,” 
Administrative Science Quarterly (50:3), pp. 367–403 (doi: 10.2189/asqu.2005.50.3.367). 
 Formative and Summative Feedback in Solution Generation 
  
 Thirty Seventh International Conference on Information Systems, Dublin 2016 17 
Baas, M., De Dreu, C. K. W., and Nijstad, B. A. 2008. “A meta-analysis of 25 years of mood-creativity 
research: Hedonic tone, activation, or regulatory focus?,” Psychological Bulletin (134:6), pp. 779–806 
(doi: 10.1037/a0012815). 
Bagozzi, R., and Dholakia, U. 2006. “Open Source Software User Communities: A Study of Participation in 
Linux User Groups,” Management Science (52:7), pp. 1099–1115 (doi: 10.1287/mnsc.1060.0545). 
Baldwin, C. Y. 2008. “Where do transactions come from? Modularity, transactions, and the boundaries of 
firms,” Industrial and Corporate Change (17:1), pp. 155–195 (doi: 10.1093/icc/dtm036). 
Bangert-Drowns, R. L., Kulik, C.-L. C., Kulik, J. A., and Morgan, M. 1991. “The Instructional Effect of 
Feedback in Test-Like Events,” Review of Educational Research (61:2), pp. 213–238 (doi: 
10.3102/00346543061002213). 
Barger, P. B., and Grandey, A. A. 2006. “Service with A Smile and Encounter Satisfaction: Emotional 
Contagion and Appraisal Mechanisms,” Academy of Management Journal (49:6), pp. 1229–1238 (doi: 
10.5465/AMJ.2006.23478695). 
Bates, D., Maechler, M., Bolker, B., and Walker, S. 2015. “Fitting Linear Mixed-Effects Models Using lme4,” 
Journal of Statistical Software (67:1), p. 48 (doi: 10.18637/jss.v067.i01). 
Black, P., and Wiliam, D. 1998. “Assessment and Classroom Learning,” Assessment in Education: 
Principles, Policy & Practice (5:1), pp. 7–74 (doi: 10.1080/0969595980050102). 
Byrne, A., and Eysenck, M. W. 1995. “Trait anxiety, anxious mood, and threat detection,” Cognition and 
Emotion (9:6), pp. 549–562 (doi: 10.1080/02699939508408982). 
Carlile, P. R. 2002. “A Pragmatic View of Knowledge and Boundaries: Boundary Objects in New Product 
Development,” Organization Science (13:4), pp. 442–455. 
Corbetta, M., and Shulman, G. L. 2002. “Control of goal-directed and stimulus-driven attention in the 
brain,” Nature Reviews Neuroscience (3:3), pp. 201–215 (doi: 10.1038/nrn755). 
Coviello, L., Sohn, Y., Kramer, A. D. I., Marlow, C., Franceschetti, M., Christakis, N. A., and Fowler, J. H. 
2014. “Detecting Emotional Contagion in Massive Social Networks,” PLOS ONE (9:3), p. e90315 (doi: 
10.1371/journal.pone.0090315). 
Eysenck, M. W., and Calvo, M. G. 1992. “Anxiety and Performance: The Processing Efficiency Theory,” 
Cognition and Emotion (6:6), pp. 409–434 (doi: 10.1080/02699939208409696). 
Eysenck, M. W., Derakshan, N., Santos, R., and Calvo, M. G. 2007. “Anxiety and cognitive performance: 
Attentional control theory,” Emotion (7:2), pp. 336–353 (doi: 10.1037/1528-3542.7.2.336). 
George, J. M., and Bettenhausen, K. 1990. “Understanding prosocial behavior, sales performance, and 
turnover: A group-level analysis in a service context,” Journal of Applied Psychology (75:6), pp. 698–
709 (doi: 10.1037/0021-9010.75.6.698). 
Hildebrand, C., Häubl, G., Herrmann, A., and Landwehr, J. R. 2013. “When social media can be bad for 
you: Community feedback stifles consumer creativity and reduces satisfaction with self-designed 
products,” Information Systems Research (24:1), pp. 14–29 (doi: 10.1287/isre.1120.0455). 
von Hippel, E., and von Krogh, G. 2003. “Open source software and the ‘private-collective’ innovation 
model: Issues for organization science,” Organization science (14:2), pp. 209–223. 
Howison, J., and Crowston, K. 2014. “Collaboration Through Open Superposition: A Theory of the Open 
Source Way,” MIS Quarterly (38:1), pp. 29-A9. 
Jockers, M. L. 2015. Syuzhet: Revealing Plot and Sentiment Arcs. 
Kleij, F. M. V. der, Feskens, R. C. W., and Eggen, T. J. H. M. 2015. “Effects of Feedback in a Computer-
Based Learning Environment on Students’ Learning Outcomes A Meta-Analysis,” Review of 
Educational Research (85:4), pp. 475–511 (doi: 10.3102/0034654314564881). 
Kluger, A. N., and DeNisi, A. 1996. “The effects of feedback interventions on performance: A historical 
review, a meta-analysis, and a preliminary feedback intervention theory,” Psychological Bulletin 
(119:2), pp. 254–284 (doi: 10.1037/0033-2909.119.2.254). 
von Krogh, G., Haefliger, S., Spaeth, S., and Wallin, M. W. 2012. “Carrots and Rainbows: Motivation and 
Social Practice in Open Source Software Development,” MIS Quarterly (36:2), pp. 649–676. 
Majchrzak, A., and Malhotra, A. 2013. “Towards an information systems perspective and research agenda 
on crowdsourcing for innovation,” The Journal of Strategic Information Systems (22:4), pp. 257–268 
(doi: 10.1016/j.jsis.2013.07.004). 
Majchrzak, A., and Malhotra, A. 2016. “Effect of knowledge-sharing trajectories on innovative outcomes in 
temporary online crowds,” Information Systems Research (forthcoming). 
Majchrzak, A., More, P. H. B., and Faraj, S. 2011. “Transcending Knowledge Differences in Cross-Functional 
Teams,” Organization Science (23:4), pp. 951–970 (doi: 10.1287/orsc.1110.0677). 
 Formative and Summative Feedback in Solution Generation 
  
 Thirty Seventh International Conference on Information Systems, Dublin 2016 18 
Malhotra, A., and Majchrzak, A. 2014. “Managing crowds in innovation challenges,” California 
Management Review (56:4) (available at 
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2535980). 
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., and Wager, T. D. 2000. “The Unity 
and Diversity of Executive Functions and Their Contributions to Complex ‘Frontal Lobe’ Tasks: A Latent 
Variable Analysis,” Cognitive Psychology (41:1), pp. 49–100 (doi: 10.1006/cogp.1999.0734). 
Mohammad, S. M., and Turney, P. D. 2013. “Crowdsourcing a Word–Emotion Association Lexicon,” 
Computational Intelligence (29:3), pp. 436–465 (doi: 10.1111/j.1467-8640.2012.00460.x). 
Moon, J. Y., and Sproull, L. S. 2008. “The role of feedback in managing the internet-based volunteer work 
force,” Information Systems Research (19:4), pp. 494–515 (doi: 10.1287/isre.1080.0208). 
Mory, E. H. 2004. “Feedback Research Revisited,” in Handbook of Research on Educational 
Communications and Technology (2nd ed.), Mahwah, NJ, US: Lawrence Erlbaum Associates 
Publishers, pp. 745–783. 
Nan, N., and Lu, Y. 2014. “Harnessing the power of self-organization in an online community during 
organizational crisis,” MIS Quarterly: Management Information Systems (38:4), pp. 1135–1157. 
OpenStack. 2016. “Foundation » OpenStack Open Source Cloud Computing Software,” (available at 
http://www.openstack.org/foundation/; retrieved January 4, 2016). 
Phang, C. W., Kankanhalli, A., and Tan, B. C. Y. 2015. “What motivates contributors vs. lurkers? An 
investigation of online feedback forums,” Information Systems Research (26:4), pp. 773–792 (doi: 
10.1287/isre.2015.0599). 
Picard, R. W., Papert, S., Bender, W., Blumberg, B., Breazeal, C., Cavallo, D., Machover, T., Resnick, M., 
Roy, D., and Strohecker, C. 2004. “Affective Learning — A Manifesto,” BT Technology Journal (22:4), 
pp. 253–269 (doi: 10.1023/B:BTTJ.0000047603.37042.33). 
Reinig, B. A., Briggs, R. O., and Nunamaker, J. 2007. “On the measurement of ideation quality,” Journal of 
Management Information Systems (23:4), pp. 143–161 (doi: 10.2753/MIS0742-1222230407). 
Reinig, B., and Shin, B. 2002. “The Dynamic Effects of Group Support Systems on Group Meetings,” 
Journal of Management Information Systems (19:2), pp. 303–325 (doi: 
10.1080/07421222.2002.11045728). 
Ren, Y., and Argote, L. 2011. “Transactive Memory Systems 1985–2010: An Integrative Framework of Key 
Dimensions, Antecedents, and Consequences,” The Academy of Management Annals (5:1), pp. 189–
229 (doi: 10.1080/19416520.2011.590300). 
Richards, A., French, C. C., Keogh, E., and Carter, C. 2000. “Test-Anxiety, inferential reasoning and working 
memory load,” Anxiety, Stress, & Coping (13:1), pp. 87–109 (doi: 10.1080/10615800008248335). 
Shah, S. K. 2006. “Motivation, Governance, and the Viability of Hybrid Forms in Open Source Software 
Development,” Management Science (52:7), pp. 1000–1014. 
Shute, V. J. 2008. “Focus on Formative Feedback,” Review of Educational Research (78:1), pp. 153–189 
(doi: 10.3102/0034654307313795). 
Stewart, K. J., Ammeter, A. P., and Maruping, L. M. 2006. “Impacts of License Choice and Organizational 
Sponsorship on User Interest and Development Activity in Open Source Software Projects,” 
Information Systems Research (17:2), pp. 126–144. 
Thomke, S., and Fujimoto, T. 2000. “The effect of ‘front-loading’ problem-solving on product development 
performance,” Journal of Product Innovation Management (17:2), pp. 128–142 (doi: 10.1016/S0737-
6782(99)00031-4). 
Von Hippel, E., and Von Krogh, G. 2015. “Identifying viable ‘need-solution pairs’: Problem solving without 
problem formulation,” Organization Science. 
Vygotsky, L. S. 1997. The collected works of LS Vygotsky: Problems of the theory and history of psychology 
(Vol. 3), Springer Science & Business Media. 
 
  
